Leveraged Exchange Traded Funds (ETFs) (LETFs) are a recent and highly successful financial innovation; yet, investors and several studies criticized them for not performing as advertised, especially in the long term. Τhis paper discusses their unique characteristics and their path-dependent price dynamics, which may result in unexpected returns. Furthermore, the authors evaluate the performance of a large sample of European and American leveraged ETFs since each fund's inception and show that they perform as intended for daily holding periods. Leveraged ETFs are also successful in delivering the promised performance over holding periods of up to one week, their performance starts to deviate when the holding period increases to one month. Empirical evidence suggests that bear (short) ETFs deviate from their target return more quickly than their bull (long) counterparts as the holding period lengthens. A possible explanation for this is that transaction costs, which are related to daily rebalancing activity, are higher for bear funds. When comparing the daily performance of European vs American funds, the authors find them both to be equally efficient in replicating their benchmarks, although European leveraged ETFs are much smaller in their Assets Under Management (AUM) compared to US LETFs.
INTRODUCTION
Leveraged ETFs use derivatives and debt to provide a steady multiple of the returns of their underlying indexes by maintaining a daily stable position of leverage and since their inception, LETFs have been drawing ever increasing considerable interest from investors and traders. Two types of leveraged ETFs exist: bull and bear. Most bull (or long) ETFs try to achieve a daily return of 2 or 3 times of the daily return of their benchmark, while bear (or short) ETFs try to achieve a return that is -1, -2 or -3 times of the daily benchmark return. In theory, a leveraged fund with n leverage ratio would have a daily return of % n if its underlying index return is 1%, although in real world, transaction costs and management fees might undermine this theoretical return. Leveraged ETFs can use various methods to maintain leverage to an index return such as borrowing, short selling, swaps, futures, options, and other techniques. In practice, leverage is usually obtained with the use of derivatives such as forward contracts and total return swaps. The counterparties to these contracts agree to deliver to the fund daily returns based on an agreed benchmark in exchange for fees and expenses (Charupat & Miu, 2010) . In practice, swaps are vastly more used, as they are more flexible than futures because futures require standard amounts and expiration time (Rompotis, 2014) . Also futures are more limited in terms of index representation, and the risk related to imperfect hedging is significantly higher than with total return swaps (Cheng & Madhavan, 2009 ).
Leveraged ETFs seek to provide constant leverage daily and follow a dynamic leverage trading strategy in order to obtain a constant leverage factor. For one day, a fund can obtain a return, which is 2 or 3 times higher that of the underlying index by using leverage to invest in enough stocks or other derivatives. But if the underlying index increases (decreases), the fund becomes under-leveraged (over-leveraged) and needs to rebalance to ensure every new investor gets the advertised leverage ratio. The same principle applies for short ETFs as well, and rebalancing is typically done once a day at the end of the trading day 1 . Unlike traditional ETFs, which are passively managed, leveraged ETFs require active management, which naturally leads to higher management fees 2 . An ETF with leverage n and Net Asset Value NAV would need an exposure of n NAV ⋅ in order to achieve its target return. If the index moves by r, then the fund's exposure would be equal to ( ) 
. Rebalancing amount needed n n r NAV r n NAV r n n NAV = ⋅ +⋅ ⋅ − + ⋅⋅ =⋅ − ⋅
For 1x ETFs, 2 0 nn −= meaning that they do not need daily rebalancing, but for leveraged ETFs, Table 1 , a 3x fund has three times the rebalancing needs of a 2x fund. A -3x fund has six times the rebalancing needs of a 2x fund. Inevitably, the higher the leverage, the higher the rebalancing needs and, therefore, the fund's costs. 1 Rebalancing also prevents the funds from going bankrupt. For example a 3x leveraged ETF would go bankrupt only if the benchmark index drops more than 33.33% in one day. Given that the largest drop in S&P 500 history was 20.47%, we can assume that funds replicating this index can be safe for the most part. Of course, ETF managers can hedge their funds in more volatile periods/indexes against this probability by purchasing put options. 2 Most bull and bear funds have management fees close to 1% per year or even higher. These costs can be increased/decreased depending on interest rates and derivative costs. 3 The first of the leveraged ETFs was introduced by ProFund Advisors LLC in the summer of 2006 in three leverage multiples, 2x, -1x, and -2x. 4 Although the term tracking error is usual in academic literature, we prefer the term tracking deviation, because this is not an error due to management or market inefficiencies, but rather the effect of daily compounding in the funds' returns. 6r NAV ⋅ - 3 12 12r NAV ⋅ For holding periods longer than one day, leveraged ETFs' cumulative returns may, and probably will, be different than n times the underlying index's returns. When leveraged ETFs were introduced in the US market in 2006 3 , they were largely misunderstood and misused in portfolios, resulting in unexpected returns and important losses. Their performance in the long term is not n times the performance of the underlying index, but may be considerably lower or even higher, relying on the behavior of the underlying index. This difference between the real return for the fund in the holding period and the naïve investors' expected return for the holding period is frequently referred to as tracking error 4 . Initially, this aspect of leveraged ETFs was not fully understood by many traders and institutions leading to lawsuits against leveraged ETF providers, accusing them of misleading the investors about the declared performance targets of their products (Tang & Xu, 2013 ).
The long-term performance of leveraged ETFs is actually path-dependent on its benchmark, meaning that regardless of the cumulative performance of an index, different paths would yield different returns for a leveraged fund. In Table 2 , we examine three different 5-day paths for a hypothetical index resulting in the same cumulative performance and the theoretical return of a perfectly replicating daily rebalanced bull 3x fund. For simplicity, we assume no transaction costs and management fees in this example. In the first scenario (Path A), the daily return of an index is 1% for each day resulting in a 5.1% cumulative return for the index. A perfectly replicating 3x ETF would have a 3% daily return for each day and a cumulative return of 15.93%, which is more than 3 times the 5.1% cumulative return of the index. In this scenario, there is no volatility and a positive trend of the market exists. In this case, compounding helps investors gain 0.63% more than a naïve investor would expect. For the second scenario (Path B), our index has also a 5.1% cumulative return, but achieves it with a different, volatile path. Our perfectly replicating 3x bull ETF has a cumulative return of 15.69%, which is again more than 3 times the 5.1% cumulative return of the index, but less than 15.93% of the previous path indicating that volatility is starting to erode the leveraged fund's returns. Lastly, in the third scenario (Path C), we choose an extremely high volatility path that has again a 5.1% cumulative return for the index. The cumulative return of the ETF is only 2.96%, an unexpected result for a naïve investor that would gain 12.34% less than he expected. In fact, in this scenario, he would be better off if he had invested in a traditional 1x ETF. This observation, although peculiar for some investors, is just the effect of employing daily replication strategies from leveraged funds. As we see in extremely high volatile paths, leveraged ETFs tend to underperform greatly even in short periods of time; this phenomenon is described in academic literature as volatility decay (Avellaneda & Zhang, 2010; Cheng & Madhavan, 2009; Guo & Leung, 2014) .
The effect of compounding can also work in favor of an investor as in scenario A, because a period of consecutive gains produces leveraged gains over and above existing leveraged gains, resulting in a cumulative return higher than expected (Ginley et al, 2015) . The cumulative loss for leveraged ETFs is less than expected, because in every consecutive day, exposure is decreased. In our example, a daily loss of 1% would mean a cumulative 4.9% loss for the index after 5 trading days, but only a 14.1% loss for a 3x ETF contrary to a 14.7% loss that some investors might expect. On the one hand, if the index exhibits high volatility and insignificant price movements, the constant daily re-balancing will lead the value of the fund to decline. Consequently, leveraged ETFs are long momentum and short volatility. It is not a coincidence that leveraged funds received a lot of criticism in the highly volatile period following the 2008 financial crisis. In 2008 and early 2009, most leveraged ETFs, both bull and bear, underperformed their stated target. In short holding periods and low volatility markets, the leveraged ETFs have more probabilities to produce returns close to the stated multiple. On the other hand, the higher the absolute value of leverage or the holding period, the higher the probability that leveraged ETF's return will differ substantially from its stated target. It is even possible for a bull ETF to have negative cumulative returns even when its benchmark index has positive returns. In Table 2 , the third scenario is an extreme example that is unlikely to occur in real markets, but is indicative of these funds' path depended returns.
In volatile periods, compounding is not the only problem. Rebalancing is costlier during the periods of high volatility. The underperformance in the first years since LETF introduction, and especially during the period 2008-2009, led to the publication of several papers and articles that warned investors that holding leveraged ETFs for long periods may result in exposing them to considerable risk, as the funds' returns will deviate from the desired multiple (Bansal & Marshall, 2015A) . In a highly volatile environment, derivatives like futures and options may be better suited for investors opting for leveraged exposure over a longer time horizon.
In real world, ETFs face transaction costs, financing costs, management fees and bid/ask spreads, and may not be able to return exactly n times the return of the index in each and every trading day. The ability of a fund to track its benchmark on its target multiple also depends on its controllers' efficiency. Obviously, ETF managers cannot control the underlying index's return nor its volatility or interest rates, but the employment of skillful and experienced managers can benefit the fund's efficiency. Bansal and Marshall (2015B) argue that by employing sophisticated ways of achieving leverage, managers can minimize transaction costs, overhead costs, management fees, and produce income for the fund from securities lending.
For a two-day holding period, we can estimate the impact of compounding in a n-times leveraged fund. The cumulative return of the underlying index would be: 
Τhe difference between the real and the naïve expected ETF 2-day return is equal to ( ) 2 12 , n n rr − ⋅⋅ which means that since 2 0 nn −> for n = -1, -2, -3, +2, +3, the real return would be more than naïvely expected for 2 consecutive positive or 2 consecutive negative index returns (positive compounding effect) and less than naïvely expected for one positive and one negative index return (negative compounding effect). Using the values from Table 1 12 rr ⋅⋅ for 2x, 3x, -1x, -2x and -3x funds, respectively, meaning that the compounding effect, positive or negative, is higher for bear funds.
The advent of leveraged ETFs can be explained by many factors. Firstly, these funds allow small investors to perform hedge fund-like strategies without the need of expensive margin accounts or using derivatives, but with the ease of trading common stocks. In theory, a private investor can achieve ±2 and ±3 times the return of an index on his own by using derivatives, borrowing or short selling; yet, such transactions are, in practice, complicated and require knowledge, skill, time and expertise (Curcio et al., 2012) . In spite of the high expense ratios that leveraged ETFs have compared to 1x funds, they are usually less expensive to use than other forms of margin. Short selling can cost 3% annually or more on the amount borrowed and the use of margin to buy stock can become similarly expensive and may even lead to margin calls if the position starts losing money. Also, the amount of money an individual may want to invest might not be enough for purchasing derivatives, whereas, with leveraged ETFs, one can achieve leverage with less than USD 100 5 . Traditional and leveraged ETFs don't charge early redemption fees, as most mutual funds do (Fevurly, 2013) , and allow investors to hold their position for shorter time periods than regular mutual funds. Furthermore, the use of bear ETFs can help investors circumvent possible short-sale constraints.
But in spite of their innovative nature, they also proved highly controversial both for individual and institutional investors. There is a lot of speculation as to whether leveraged ETFs can intensify market moves and boost volatility because of their daily rebalancing. Especially, ±3x ETFs have even higher rebalancing needs and will, in theory, create excess demand or selling strain in the direction of the market, as leveraged ETFs buy high, and sell low. For example, a 2x fund will have to buy when the market moves up (or it will be underexposed and have a leverage of less than 2) and sell when the market moves down (or it will be overexposed and have a leverage of more than 2). Actually, the needed exposure adjustment is at all times in the similar direction as the underlying benchmark's movement both for long and short funds. The more volatile the underlying index is and the more Assets Under Management (AUM) the ETF has, the larger the rebalancing flows will be. Daily rebalancing in LETFs also creates transaction costs for the funds on a daily basis, while 1x ETFs only need to rebalance when the underlying index is rebalanced. Leveraged ETFs with monthly instead of daily rebalancing are available for investors since 2009. Although for short holding periods (≤ one month), these funds do provide their stated multiple 6 , in the long run (holding period > six months), they can experieence important beta decay (Trainor, 2010A) . Tax efficiency of leveraged ETFs is lower than 1x ETFs, as most trades settle in cash and gains from derivatives are taxed at ordinary income tax rates and not lower capital gains tax rates (Little, 2010) . Because leveraged funds have to rebalance at a specific time of the day and in a predictable direction, potential profit opportunities are created for predatory traders, which might lead to higher costs for leveraged ETF investors. Shum et al. (2015) find that potential predatory traders can profit on days of large market fluctuations by front-running the potential rebalancing trades.
Undoubtedly, the biggest concern for investors is that LETFs can deviate considerably from their advertised leverage ratio; LETFs have been criticized by the press as regularly underperforming their stated objectives leading to portfolio losses. More than one decade after their inception, these products are still not well understood by some investors, and, therefore, more research and disclosure are needed.
The goal of this paper is to discover whether LETFs do work as intended for daily holding periods and also whether they deliver their leverage for longer holding periods. This aspect is very crucial, as investors should know if and when to add LETFs in their portfolios and for how long they can keep them without experiencing significant risk. For this purpose, we use a large sample of American and European equity leveraged ETFs following broad indexes and study their performance. Another objective of this paper is to assess whether European LETFs, which haven't been much researched in academic literature, are as efficient as American LETFs. To our knowledge, this is the first study to compare European LETFs with their American counterparts.
LITERATURE REVIEW
In the past decade, many scholars have shown interest in the price dynamics of leveraged funds. Hill and Teller (2009) argue that bear -1x ETFs can provide the inverse correlation daily needed for hedging as long as they are well monitored and rebalanced. Furthermore, -2x ETFs can also be employed for hedging and require less up-front capital, although investors using them have to rebalance their portfolios more frequently thus experiencing greater transaction costs. Tang et al. (2014) study the performance of international leveraged ETFs that trade in the American stock exchange and find that funds replicating indexes in countries without overlapping trading hours are greatly under exposed. Underexposure also exists for countries with overlapping trading hours, but is much smaller. Furthermore, they find funds replicating China, Japan, Brazil, Mexico, and Europe to be highly exposed to the U.S. market, with S&P 500 index having an impact on the daily returns of international leveraged ETFs; this impact being larger for countries without overlap-ping trading hours than those with overlapping trading hours. They argue that this shows overreaction of international funds to US market sentiments, which seems to fade as the holding period increases. On the contrary, the return correlation among the funds and their underlying indexes tends to rise as the holding period increases, especially for countries with overlapping trading hours. Their results show that investors may not get the exposure in broad markets they seek from international leveraged ETFs and tend to be exposed to the US market, especially in the short-term horizon.
Guo and Leung (2014) examine commodity ETFs and leveraged ETFs and find that LETFs, which track an illiquid index, tend to have more tracking errors than those that track a liquid index and also the longer the LETF is held, the more probable the LETF is to underperform against the naïve expected multiple. They further conclude that most commodity funds charge considerably higher expense fees than in theory, compared to what is stated on the funds' prospectuses. (2012) analyze the pathdependence of US leveraged ETFs in their performance and conclude that they are unsuited for long-term investors that employ buy-and-hold strategies. On the other hand, for investors with a horizon of less than 1 month, they find that the funds' returns are close to the expected multiple.
Lu, Wang, and Zhang
Haga and Lindset (2012) study Norwegian ±2x ETFs and discover that their daily returns are slightly underexposed than their theoretical values, because the funds have not taken sufficient market positions to achieve returns ±2 times the index. Their explanation is that transaction costs have caused the funds' managers to take lower positions than they should in order to perfectly acquire the stated leverage. Also they show that risk-free interest rates can influence the leveraged ETFs' returns, most notably in the long term.
Bansal and Marshall (2015B) investigate the performance of a 2x bull ETF with the S&P 500, its underlying index, over a three-year period, and by using non-overlapping monthly holding periods, find that its average monthly tracking deviation is 7 The three-year period they used is from October 31, 2011 to October 31, 2014, a period the interest rates were very low. It is uncertain that in different periods management would be that efficient.
positive and not negative. This means that in spite of the costs of active management, financing costs and volatility decay, management contributed to the fund's returns in this period 7 .
Trainor (2010B) tests whether leveraged ETFs and their daily rebalancing needs can explain volatility and large price swings at the end of the trading day in the S&P 500 and finds no evidence suggesting that volatility is increased because of leveraged ETFs' daily rebalancing. In general, he argues that trading associated with leveraged ETFs does not seem to have any significant effect on the S&P 500.
On the other hand, Bai et al. (2014) examine the impact of leveraged funds on underlying real estate stocks and find that the daily rebalancing needs of the funds can move the price and increase volatility in small and not actively traded stocks. They also observe that the rebalancing needs of leveraged ETFs are predictable and can result in front running and predation by strategic traders that may enhance the impact of LETF rebalancing on the underlying index's stocks.
Hill and Foster (2009) believe that the target multiple of a leveraged fund can be obtained for longer holding periods with constantly rebalancing the ETF portfolio by monitoring the return of the tracking index versus the return of ETFs and implementing a trigger percentage of deviation. Although rebalancing has trading costs for investors, it is a highly effective instrument for approximating the daily leverage target over time.
Charupat and Miu (2010) study Canadian leveraged ETFs and find that they tend to trade at larger premiums or discounts than traditional 1x ETFs, probably because arbitrage on leveraged ETFs is more difficult, and thus price deviations need to be high enough to make arbitrage worthy. They also find that leveraged ETFs are mostly traded by short-term, retail traders with average holding periods of less than two weeks, much shorter than traditional 1x ETFs with the same benchmark. Furthermore, they suggest that leveraged ETFs are efficient in delivering their stated performance over holding periods of up to a week, but start to fade in longer holding periods.
Tang and Xu (2013) characterize the return deviation of leveraged ETFs as a conundrum and attribute it to compounding effect, fund management tracking error, and market inefficiencies. They find that investors holding leveraged ETFs for long periods experience return deviations not only due to compounding effect, but also due to NAV deviations because of management's tracking error in achieving a fund's target return and market price deviations because of market frictions and inefficiencies.
Li and Zhao (2014) use event study analysis to investigate if leveraged funds' trading has implications on the trading activity and market quality of the underlying indexes' stocks and find that the trading volume of the stocks is positively correlated with the trading volume of leveraged ETFs, but their volatility is not affected by ETF trading.
Trainor and Carroll (2013) argue that in low volatility markets, volatility decay can be offset by momentum and show that when volatility levels are as low as in the 90's and mid 2000's, 2x and -1x funds can be held for periods even beyond one year. Moreover, holding periods of up to 6 months can be justified for 3x, -2x, and -3x funds.
Holzhauer et al. (2013) study the effects of expected market volatility as measured by VIX index on the tracking error of leveraged funds and find that both expected market volatility and daily changes of expected market volatility have an important effect on the funds' tracking error. Also, they show that these effects increase with leverage and that they are more pronounced for bear ETFs compared to bull ETFs with similar leverage.
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DATA, AIM AND THE METHODOLOGY
Academic literature of leveraged ETFs focuses mainly on the effect that these funds may have on market volatility and on their efficiency in replicating the stated multiples of their underlying indexes. We conduct this study under the perspective of the investor, and therefore, the main aim of this paper is to assess leveraged ETFs performance under different holding periods. Our goal is to provide investors with useful information regarding LETF performance since their inception, our sample consists of American and European LETFs following broad equity indexes.
Although the first ETF was introduced in 1993, the idea that investors could trade a whole stock basket with only one transaction is not that modern. US brokerage firms presented similar program trading facilities as early as the late 1970s, notably for the S&P 500 index (Deville, 2008) . The first ETF to appear in the present form was SPDR S&P 500, which followed the S&P 500, it was an immediate success and became the largest ETF in the world. . Both the number of ETFs and their Assets Under Management in US and European markets increased considerably in the examined time horizon, however, European ETFs represent only a small fraction of the global market. One explanation for this lag may be the later inception of European funds, which means less years of trading. Also, according to Thomadakis (2018) , the reason could be the fact that European ETFs have multiple listings over many exchanges and low engagement of retail investors compared to the US market.
Leveraged ETFs are much more recent acquisitions to the ETF universe. They first appeared in 2006, when ProShares launched ETFs with a leverage of +2, -1, and -2 times the daily returns on 3 major indexes (S&P 500, Dow Jones Industrial Average and NASDAQ-100 Obviously, investors not only care about the funds' expected returns, but also for their risk. The volatility of leveraged ETFs is affected both by market movements and by the amount of target leverage. The higher (lower) the market volatility, the higher (lower) the leveraged fund's volatility and the higher (lower) the absolute value of its stated leverage, the higher (lower) the leveraged fund's volatility. Volatility is usually measured by using the standard deviation of the returns of a security/index. The daily volatility of an index is ( ) 
therefore, we expect ±1x, ±2x and ±3x ETFs to have the same, double and triple the underlying index volatility respectively.
Our sample consists of 8 families of ETFs, 4 in the US and 4 in Europe, a total of 46 funds. We use the complete ETF series for each index from -3x to +3x with the exception of FTSE100 and DAX, where only the -1x funds are missing. Daily NAV prices were obtained from each fund's website from their inception until April 28, 2017 and information about each fund from their brochures. The daily benchmark index prices were obtained from Yahoo Finance. In Table 3 , we present descriptive statistics for all funds included in the study with their ticker symbol, stated leverage, Assets Under Management, yearly expense ratio, inception date, benchmark index, daily mean return and daily standard deviation. Along with leveraged funds, we include traditional 1x ETFs for the same underlying index.
The average yearly expense ratio for the examined 1x funds is 0.1868%, whereas the average yearly expense ratio for the examined leveraged funds is 0.78%. We could argue that the high expense ratios of the examined leveraged ETFs reflect their daily rebalancing needs. Moreover, 1x funds are vastly larger in size with an average amount of Assets Under The measurement of the performance of passive investments can't be the same as in the case of active investments. It is unsuitable to use a performance measure based on absolute returns to assess the performance of leveraged ETFs. The objective of an ETF is to track the performance of a benchmark and not to outperform it and, therefore, popular performance measures, such as Sharpe Ratio and Information Ratio, might not be ideal for assessing passive investments in different benchmarks (Roncalli, 2014) . The risk adjusted performance of ETFs with different benchmarks are not comparable to each other, as their risk and returns are heavily relied on the index they replicate. Ideally, the risk adjusted performance of an ETF would be exactly the same as its benchmark.
For our study, we regress the daily NAV returns of the leveraged ETFs since their inception on the benchmark index's returns and a constant intercept term to assess whether the leveraged ETFs perform as the management attempts to. If leveraged funds do replicate perfectly the target exposure, we expect them to have no abnormal return performance and their daily exposure to the benchmark index to be equal to their stated leverage ( ) 2 , 3 ,1 ,2 o r 3. n ∈ −− − Hence, our null hypotheses would be a = 0 and b = n. For 1x funds, we use the same model and also expect to find a = 0 and b = 1. The funds' daily returns are estimated using changes in their NAVs, and not market prices so as to be certain that possible price inefficiencies due to premiums and discounts in the market prices impede our results. The management of the funds is responsible for achieving the daily target return for the fund, but has no control over potential market price inefficiencies. For investors purchasing these funds, premiums and discounts tend to appear, but usually average deviations are small, as they tend to offset one another (Charupat & Miu, 2010).
11 As of April 28, 2017. 12 To convert AUM prices for European funds in USD, we used the currency exchange rates as of April 28, 2017. 13 We define performance as the ability of each fund to achieve its target return.
One constraint of our study is the large difference between the size of the examined funds. As shown in Table 3 , the Assets Under Management of LETFs vary from USD 1 million to USD 1.8 billion and for 1x funds from USD 0.5 billion to USD 237 billion. Also the inception dates of the funds are not the same, as ±3x funds are more recent additions.
EMPIRICAL ANALYSIS
The analysis presented in this section attempts to assess empirically the return performance 13 of US and European leveraged ETFs.
The time horizon of this study starts from each fund's inception date, as shown in Table 3 To assess the performance of the examined funds, we regress the daily NAV returns of the leveraged ETFs since their inception on the benchmark index's returns and a constant intercept term. We also regress non overlapping 5-day (weekly) and 21-day (monthly) NAV returns of leveraged ETFs on the 5-day and 21-day index returns to assess how leveraged ETFs perform if held more than one day. The use of non-overlapping time periods is to avoid dependence among returns. We do not use 6-month and yearly holding periods as leveraged ETFs are traded mainly by short-term traders with an average holding period of under 15 days (Charupat & Miu, 2010) . The results for each fund are presented in Table 4 . Note: * Statistically significant at the 10% level, ** statistically significant at the 5% level, *** statistically significant at the 1% level. (2010) who found that for any holding period, the returns of bear funds deviate more from the promised ratio than the returns of bull funds. We could argue that the bear funds' negative return deviations are similar to the cost of security-borrowing that shortsellers experience.
To evaluate separately US and European ETF performance, we calculated the average alpha and beta coefficients for same-leveraged US and European Funds for the 3 holding periods examined. The results are presented in Table 5 .
The average alpha and beta coefficients for sameleveraged US and European funds do not differ importantly for any of the 3 holding periods.
European funds seem to be as effective in replicating their benchmarks as their American counterparts, although, they are on average 15 times smaller in their Assets Under Management. The truth is that the path dependency of the leveraged funds undermines the reliability of comparing weekly and monthly holding periods between US and European ETFs, as volatility and momentum of the different benchmarks can erode or proliferate their returns. Yet, daily returns are not affected by them and are a far better indication when comparing the effectiveness of leveraged ETFs across different benchmarks, as daily return deviations are entirely due to non-compounding effects. Although, in theory, one might expect US leveraged funds (and especially those tracking S&P 500) to have better performance in terms of efficiently replicating n-times their benchmark index, because their underlying assets are very liquid and a plethora of index products, which can be used for index replication exist and are densely traded, in practice, European funds seem to be equally efficient in replicating their benchmarks on a daily basis too. 14 We use non-overlapping holding periods due to potential bias created by overlapping samples.
ETFs are one of the most successful innovations of the past two decades in financial markets globally. Their introduction was not controversial until the introduction of leveraged ETFs in 2006; unlike traditional ETFs, LETFs have leverage embedded as part of their design and are preferably used by shortterm traders. The leveraged ETF market is continuously growing in size since its inception one decade ago and, therefore, it is important for both investors and regulators to understand and evaluate the potential risks involved with trading these funds. Although the introduction of LETFs provides investors all around the world with a new instrument to leverage their exposure to indexes, commodities and specific market segments, the sources and dynamics of the possible return deviations of these funds need to be recognized and taken seriously into account when investing.
Leveraged ETFs are required to maintain a constant leverage ratio which creates what is known as a constant leverage trap -they require daily rebalancing in order to meet the daily exposure needed. These funds are designed to provide a positive or negative multiple of an index on a daily basis and not for greater periods of time, where they will probably exhibit deviations. Their returns are path-dependent by the benchmark index during the investor's holding period. We use a five-day example to demonstrate the relation between a +3x leveraged ETF and its benchmark. An index with high momentum and low return volatility would intensify the holding period performance of LETFs, on the other hand, a low momentum market with high return volatility would have a negative effect on LETFs' performance. In a high volatility environment, investors seeking leveraged exposure over long time periods may be better off using derivatives such as futures and options. Generally speaking, buy and hold investors should prefer LETFs following less volatile indexes.
In this paper, we have focused on the performance of European and American equity leveraged funds under the perspective of the potential investor. From an investor's point of view, the actual daily beta should be exactly equal to the stated target multiple promised by the fund sponsor. To conduct the analysis, we study 8 families of leveraged funds following broad equity indexes, 4 in US and 4 in Europe. Firstly, we examine how much actual exposure these funds have on a daily basis with respect to their benchmark index and test if the beta coefficients deviate from the advertised leveraged exposure, if the intercept is statistically and economically different from zero and if variations in the underlying index explain a significant part of the variations in the returns of the leveraged ETFs, as shown by a high adjusted 2 . R The results of our regression analyses suggest that the examined leveraged ETFs are successful in delivering their promised performance on a daily basis. Furthermore, when expanding holding periods to one week and one month 14 , we find that they are also successful in delivering the promised performance over holding periods of up to one week; their performance starts to deviate when the holding period is one month. These findings are consistent with Lu et al. (2012) , Charupat and Miu (2010) who found that LETFs can provide the stated leverage for holding periods of up to one week. We have also found empirical evidence that bear ETFs deviate from their target return much more quickly than bull funds as the holding period lengthens. A possible explanation is that transaction costs related to daily re-balancing activity are higher for bear funds, as shown in Table 1 . These findings are similar with Shum and Kang (2013) and Charupat and Miu (2010) who have also shown that the performance of bear ETFs starts to fade more than the performance of bull ETFs, when the holding period increases.
When comparing average alpha and beta coefficients for US vs European LETFs, we found no significant differences for any of the 3 holding periods meaning that both US and European funds seem to be equally effective in replicating their benchmarks' leveraged returns in spite of the fact that the European funds examined are on average 15 times smaller in their Assets Under Management compared to their US counterparts. To our knowledge, this is the first study to compare the tracking efficiency of US vs
